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^'^^ ' ' The present invention relates to an apparatus 

and metiiod for processing of a mixture of gas with liquid 

< er^y-,Tffl;,^'Vn- yir "'-'-^-^ Ar4 

^ ilnown are gravicy separation vessels, also 

S referred zo as cwo or three phase separanors, for 

sepairating mixtures of respectively gas with a liquid or 
M gas with a light and a heavy liquid. As a result of the 

'^i action of che force of gravicy the gas is cgllected ac 

25 the top of the gravity separation vessel, while che 

y3 10 liquid is collected at the bottom of che vessel, wherein 

"^^ the light liquid remains floating on che heavy liquid. 

This provides che possibility of separating the mixture. 
3 A device is also known which is conscrucced 

O from a gravity separation vessel in which one or more 

15 inlec devices are arranged. With such inlet devices a 
55 pre -treatment can be carried out on the supplied mixture 

tj before che xixcure is separated in the above described 

manner. Such inlet devices have as mosc important 
functions the reduction of the impact of the inlet flow 
20 so that the degree of separation inside the gravicy 
separation vessel can be maximized, preventing liquid 
shattering whereby small liquid droplets could result 
which would maJce the separacion process more difficult, 
and prevention of so-called " foaming* , or the occurrence 
25 of foam. 

These inlec devices have- a number of drawbacks 
however. A first drawback is chat since the liquids and 
the gases are discharged from different outlets, both 
outlets can have differenc pressure drops, wich che 
30 result chat gas can flow ouc of che liquid outlet and/or 
liquid out of the gas outlet . A second problem is chat 
the discharge of gas C2Ln be obstructed by an increase in 
the quantity of liquid in che inlet device. 
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The object of the present invencion is to 
provide a device and method wherein the above staced 
drawbacks are obviated and wherein the liquid level is 
situated at a suitable height in the inlet device 
5 (processing vessel) . 

. According to a first aspect of the invention a 
device is provided for separacing a mixture of gas with 
liquid and/or solids, comprising: 

- a gravity separation vessel which is provided 
10 with an inlet for the supply of the mixture; 

- a processing vessel which can be mounted in 
Che gravity separation vessel and connected .to the inlet, 
which processing vessel comprises a firsc and second 
outlet opening for the discharge of respectively a first 

IS mixcux-e part and a second mixture part to a space of the 
gravicy separation vessel for further separation of the 
second mixture part; 

' a flow body arranged substantially 
concentrically in the processing vessel and provided with 
20 one or more swirl elements for setting the supplied 
mixture into swirling movement; 

- a discharge channel for discharging the first 
mixture part to the first outlet opening, which discharge 
channel is arranged substantially through the interior of 
25 the flow body and extends from the downstream side of the 
flow body to the first outlet opening; 

• a resistance element with a predetermined 
flow resistance arranged between the second outlet 
opening and the flow body. By setting the supplied 
30 mixtiire into rotation- a change in pressure can be 

realized in the processing vessel with which the pressure 
balance in the processing vessel can be preadjusted. 

A device is per se known from European patent 
application EU 0436 973 A2 wherein a supplied mixture of 
35 gas with liquid and/or gas with solids is set into 

swirling movement in a vessel by a swirl element, which 
swirling generates centrifugal forces in the mixture 
whereby a first mixture part consisting substantially of 
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liquid or solids is pressed againsc Che wall of the 
processing vessel, while a second mixture part consisting 
substantially of gas moves to the middle of the 
processing vessel. The second mixture part is discharged 
5 in the known device via a discharge pipe at uhs top of 
the vessel, while the second mixture part is discharged 
via a discharge pipe at Che bottom of the vessel. The 
known device is however of an entirely different type auid 
is not suitable for carrying out a pretreatment in a 
10 gravity separation vessel in which the mixture parts, 

once they have been discharged, remain in open connection 
in (a space of) the gravity separation vessel for the 
purpose of a further treatment . 

According to a preferred embodiment the device 
15 comprises one or more first counter-swirl elements 
arranged in the discharge channel for reducing the 
s swirling movement of the first toixture part, downstream 

C3 of which the first outlet opening is arranged. By 

arramging a counter- swirl element in the discharge 
20 chsLonel to reduce the swirling tnovement of the first 
Q mixture part, the pressure drop over the discharge 

vi channel is decreased whereby the discharge of the first 

mixture pare through the discharge channel is improved. 
This moreover prevents the first mixture part being 
2S entrained by the second mixture part and exiting to the 
outside through the second outlet opening. 

According to a further preferred embodiment the 
resistance element comprises one or more second counter- 
swirl elements for reducing the swirling movement of the 
30 second mixture part.. The pressure balance, and therewith 
the height of the second mixture part (liquid) in the 
processing vessel, can be further adjusted with the 
second counter-swirl element. 

According to another aspect of the invention a 
35 device is provided for separating a mixture of gas with 
lic[uid and/or solids, comprising; 

- a gravity separation vessel which is provided 
with an inlet for the supply of the mixture; 
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- a processing vessel which can be mounted in 
the gravity separation vessel and connected to the inlen, 
which processing vessel comprises a first and second 
outlet opening for the discharge of respectively a first 

5 mixture pare and a second mixture part to a space of che.^ 
gravity separation vessel for further separation of the 
second mixture part; 

- a flow body arranged in the longitudinal 
direction of the processing vessel; 

10 - a discharge channel for discharging the first 

mixture part which is arranged substantially through the 
interior of the flow body and extends from tbe downstream 
side of the flow body to the first outlet opening; 

- a resistance elemenc with a predetermined 
15 flow resiscance which is arranged between the second 

outlet opening and the flow body, wherein the resistance 
element comprises one or more counter- swirl elements. 
Using a resistance element embodied in such a manner the 
pressure in the processing vessel caji be pread justed to a 
20 value which is appropriate \inder the conditions of use by 
p a correct placing and dimensioning of the plates and the 

nj orientation thereof relative to each other. 

The device preferably comprises one or more 
first coimter-swirl elements arranged in the discharge 
2S channel for reducing the swirling movement of the first 
mixture part, downstream of which the first outlet 
opening is arranged. 

According to yet another aspect of nhe 
invention a device is provided for separating a mixtxira 
30 of gas with liquid and/ or solids, comprising: 

- a gravity separation vessel which is provided 
with an inlet for the supply of the mixture; 

- a processing vessel which can be mounted in 
the gravity separation vessel and connected to the inlet, 

35 which processing vessel comprises a first and second 

outlet opening for the discharge of respectively a first 
mixture part and a second mixture part to a space of the 



@009/058 



C3 

m 



f11 



28/11 2001 WOE 16:43 FAX +31 24 3970493 ARNOLD & SIEDSMA ©010/038 



yi 

las? 

5 



WO00/74S15 FCT/N1-00/003S2 

5 

gravity separacion vessel for further separation of the 
second mixture part; 

- a flow body arranged in the longitudinal 
direction of the processing vessel; 

5 - a discharge channel for discharging the first 

mixture part arranged substantially through the interior 
of the flow body and extending from the downstream side 
of the flow body to. the first outlet opening? 

- one or more first co\inter- swirl elements 
10 arranged in the discharge channel for reducing the 

swirling movement of the first mixture part, downstream 
of which the first outlet opening is arranged; 

- a resistance element with a predetermined 
flow resistance arranged between the second outlet 

15 opening and the flow body. 

According to a preferred embodiment a swirl 
element comprises one or mora preferably curved swirling 
blades, wherein the swirling blades are formed for 
setting into swirling movement or at least increasing the 

20 swirling movement of the mixture or mixture part flowing 
therealong, while a counter -element preferably comprises 
one or more preferably curved swirling blades, wherein 
the swirling blades are formed for decreasing the 
swirling movement of the mixture or mixture part flowing 

25 therealong. Through a correct choice of the curvature the 
swirling speed of the mixture flowing therealong, and 
therewith the pressure drop over the swirl element, can 
be modified. 

It is noted that this curvature cam vary. When 

3 0 for instance the curvature of a swirling blade increases 
in flow direction, the mixture flowing therealong will 
then undergo an increasingly more rapid swirling 
movement. Conversely, a mixture flowing along a swirling 
blade with decreasing curvature undergoes an increasingly 

35 slower swirling movement. 

According to a further preferred embodiment the 
processing vessel comprises an inner jacket which 
comprises a conically tapering part in flow direction, in 
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order co obtain a uniform flow of the first mixture part 
along the inner jacket. 

According to a further preferred embodicuent the 
componencs of the processing vessel are embodied such 
5 that they can be fed through a manhole in the gravicy 
separation vessel. The greatest dimension of a component 
is herein a maximum of 150 cm. By cons cruet ing the 
processing vessel from such relatively small componencs 
ic is possible to arrange the processing vessel in 
10 already existing gravity separators. 
1^-, According to a further aspect of the present 

r1 invention a method is provided for designing, a separation 

C3 vessel for separating a mixture into a light and heavy 

fraction, wherein the processing vessel comprises an 
15 inlet for the mixture, a first outlet for the light 
□ fraction and a second outlet for the heavy fraction, in 

addition to rotation means for setting the mixture into 
J.-, rotation, wherein swirl elements arrcuiged close to the 

yi inlet and/or counter-swirl elements arranged close to the 

CJ 20 first and second outlet are provided with swirling blades 

2^ dimensioned such that through the desired degree of 

J'l rotation a pressure is available in the separation vessel 

for separating the mixture in as optimal a manner as 
possible. 

25 By designing the rotation means or the counter- 

rotation means in correct maiuier in accordance with fluid 
dynamic principles the desired rotation of che mixture as 
well as the desired pressure drop over such a separation 
vessel can be preselected in accordance with the 

30 conditions, since the boiindary surface between the heavy 
and light fraction extends in as optimal a manner as 
possible in ^^g ^^^ra^ti^n^v^ ^l, t>^A^,K^ 

Further aavantages, teatures and details of the 
present invention will become apparent in the light of 

35 the following description of preferred embodiments 
thereof. Reference is made herein to the annexed 
drawings, in which: 
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- figure 1 shows a partly cut-away perspective 
view of a gravity separator which is provided wich two 
devices according to a preferred embodiment of the 
invention; 

5 - figure 2 shows a partly cut-away perspective 

view of the preferred embodiment of figure 1; 

- figure 3 shows a further elaborated 
perspective view of the preferred embodiment of figure 2; 

- figure 4 shows a view in perspective of a 
10 preferred embodiment of the counter- swirl element in the 

discharge channel; 

- figure 5 shows a view in perspective of a 
f5 preferred embodiment: of the swirl element arranged 

concentrically in the processing vessel; and 
15 - figure 6 shows a view in perspective of a 

preferred embodiment of a resistance element according to 



p^UI tihe invention,^ ^^^^XfiX^k^^ WSf^WB^ Cwifto l^CtUg^^^ 

•* s Flgiire i shows a gravity separation vessel S 



much used in the offshore industry. Via a supply channel 
20 t a mixture of gas and liquid is supplied in the 
direction of arrow. a and then separated under the 
influence of gravity. The mixture is separated into a 
mixture part with a high gas content (light fraction) and 
a mixture part with a low gas content (heavy fraction) . 
.25 Separation of the heavy fraction (water and oil) moreover 
occurs in a fraction with substantially water and a 
fraction with sxibstantially oil, wherein the lighter oil 
remains floating on the heavier water- The sepa:racion of 
the layers of water and oil further takes place in a 
30 manner known to the skilled person and in order to 

simplify the description is not further explained here. 

In order to improve the operation of such 
(gravity) separation vessels, there are, as already 
stated above, inlet devices known in a number of 
35 applications in the oil and gas -processing industry which 
carry out a pretreatment on the supplied mixture before 
further separating the mixture in known manner. Such 
inlet devices have as most important functions the 
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. reduction of che impact of the inlet flow so that the 
degree of separation inside the separating vessel S can 
be maximizsd. preventing liquid shattering whereby small 
liquid droplets could result which make the separating 
S process more difficult, and prevention of so-called 
" foaming* I or the occurrence of foam. A particular 
enAbodimenc of inlet devices is formed by so-called inlet 
cyclones wherein the lic[uids and gases undergo a first 
separation under the influence of centrifugal forces 

10 generated in the inlet cyclone. The thus separated 

mixture parts come to lie in the remaining part of the 
gravity separation vessel S, wherein the heavy fraction 
is formed at the bottom of the vessel S and the light 
fraction ac the top of the vessel S. 

15 The mixture of liquid and gas supplied via 

supply cube t is guided into one of the inlet cyclones 1 , 
In the shown embodiment two inlet cyclones 1 are arranged 
mutually adjacently. Embodiments are however also 
possible with only one inlet cyclone or with more than 

20 two inlet cyclones which are placed adjacently of each 
other or in other random order relative to each other. 
Arrow b in figure 1 indicates that the mixture flows to 
the right-hand inlet cyclone 1. The mixture could equally 
well flow to the left-hand inlet cyclone 1 and be treated 

25 in the same manner since the left-hand inlet cyclone is 
identical to the right-hand inlet cyclone. However, for 
the sake of clarity of the description only the operation 
of the right-hand inlet cyclone 1 will be described 
below. 

30 The mixture enters inlet cyclone 1 (arrow b) in 

a chamber 2 which is formed from four parts which are 
provided with flanges 3 and fixed to each other using 
fixing means 4. The mixture subsequently flows (arrow c) 
downwards between a substantially cylindrical outer 

35 jacket 5 and a substantially cylindrical flow body 20 
arranged concentrically relative to outer jacket S. At 
one end the flow body 20 protrudes some distance into the 
space enclosed by outer jacket 5, while at the other end. 
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the flow body 20 extends up to an upper wall 22 of 
chamber 2. 

On the outer surface of flow body 20 are 
arranged a number of curved swirling blades 25 which 
S cause a swirling of the mixture flowing therealong. 

Such a swirling blade 25 is constructed from a 
first part 25a, a second part 2Sb and a third part: 25g 
which are formed such that a swirling blade 25 has an 
increasing curvature, i.e. the curvature of part 25b is 
10 greater than that of 2Sa, while the curvature of 25c is 
greater than that of 2Sb- The flowing mixture is hereby 
Q sec into increasingly quicker rotation (arrow d) . 

□ As a resulc of the centrifugal forces the heavy 

O fraction of the mixture, i.e. substantially liquid, is 

15 pressed against the inner side of outer jacket 5 and 
transported downward (arrow e) in the region along the 
U1 oucer jacket S, while the lighc fraccion of the mixture, 

!,„ i.e. substancially gas, comes to lie in the central 

region of the space enclosed by outer jacket 5 (arrow f ) . 
20 Outer jacket 5 is provided with a flange 6 

which connects onco a perforated jacket 7. Flange 6 also 
connects onto a conically tapering or funnel-shaped 
component 10 which is provided on the inner side with six 
vertical ribs 11. 
25 The heavy fraction then enters a resistance 

element (arrow g) which decreases the swirling thereof 
and with which the pressure in the- space enclosed by 
outer jacket 5 is increased. The embodiment of such a 
resistance element will be described at a later stage. 
30 The heavy fraction subsequently flows from the 

underside through an exit opening to the outside and 
enters a tray-like component 9 which is fixed against the 
lower edge of the perforated jacket 7. The heavy fraction 
(v) Chen flows co the outside via the perforations in 
35 perforated plate 7 (arrow i, figure 1) cOid enters a part 
of the gravity separator 5 for a further separating 
treatment. A uniform velocity distribution of the heavy 
fraction exiting to the outside is effected by arranging 
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such a perforated place 7, which enhances che separacion 
of the mixture of oil in water into a layer of wacer with 
oil floating thereon. 

The pressure caused by resistance element 12 in 
5 the space enclosed by outer jacket 5 ensures chat the 
light fraction is driven in the direction of arrow f into 
a discharge channel provided in the interior of flow body 
20. The light fraction is then discharged in the 
direction of arrow h. 
iO If however there is too great a pressure drop 

in the discharge channel ic is possible that the gas, 
instead of being transported through the discharge 
channel, is entrained by the liquid flow (arrow e)-. This 
reduces the separating action of inlet cyclone 1, 
^5 In order to reduce the pressure drop in the 

discharge channel formed in flow body 20 a counter-swirl 
element is therefore arranged in the discharge channel. 
f-1 Figure 4 shows a preferred embodiment of such a 

counter-swirl element SO. The light fraction flows 
O 20 through the discharge channel in the direction of arrow 

S~ ^/ swirling in the meancime as a consequence of the above 

m mentioned swirling blades 25. This swirling is impeded in 

that the light fraction is guided (arrow k in figure 3) 
along a councer- swirl eletaent 60 formed by a number of 
25 swirling blades which each consist of a first swirling 
blade part 41 and a second swirling blade part 42, 
wherein swirling blade parts 41 and 42 make an angle a 
relative to the longitudinal axis of the discharge 
channel such that the initially rapidly swirling light 
30 fraction is gradually caused to swirl less rapidly. The 
angle a can vary in practice between 0 and 80 degrees, 
subject to the application. 

The swirling blades are connected by means of a 
connecting piece 43 to upright plates 44 which are placed 
3 5 in substantially intersecting position relative to each 
other and which further limit the swirling movement of 
the light fraction, The pressure drop over the discharge 
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channel is reduced by such a gradual decrease in che 
swirling movement of the light fraction. 

The light fraction then exits to the outside 
(arrow 3).and enters a part of the gravicy separator 
5 where further separation of the heavy fraction will take 
place . 

Figure 6 shows a preferred embodiment of a 
resistance element, wherein for the sake of clarity the 
outer jacket 12 of the resistance element is omitted. The 

10 resistance element is constructed from a central core 50, 
on the top side of which is mounted a conical component 
51 which becomes wider in the flow direction.. A number of 
flat plates 52 extending in a fan shape in the length 
direction is moreover arranged on central core 50. These 

15 flat plates 52 limit the rotation of the mixture part 

flowing therealong in the direction of arrow whereby a 
corresponding change in pressure occurs over the 
resistance element- The pressure balance in the 
processing vessel can hereby be adjusted. 

20 In an embodiment which is not shown, a number 

of transverse plates are arranged on the outer jacket 12 
and the longitudinal plates 52, this such that an opening 
is provided around core SO along which liquid can flow. A 
transverse plate is moreover arranged on central core 50 

25 which has a diameter such that between the peripheral 
edge 'thereof and outer jacket 12 there is an interspace 
along which the liquid can flow. 

Owing to the above described construction the 
downward flowing heavy fraction will flow downward via 

30 .the opening in the first transverse plate, the interspace 
between the second transverse plate and outer jacket 12 
and the opening in the third transverse plate. With a 
correct embodiment of the openings, the number of plates, 
the form of the plates etc., the pressure above the 

35 resistance element, i.e. in che space enclosed by outer 
jacket 5, can be adjusted in advance as required. 

The stated pressure must be high enough so that 
the light fraction, is discharged through the discharge 
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channel in the swirl element and low enough to prevent 
the liquid level in the inlec cyclone becoming coo high, 
for instance beyond the underside of inner jacket 20, so 
chat light fraction can no longer be discharged. 



resistance element is embodied as a counter-swirl 
element, whereby* in similar manner as described with 
reference to the counter -swirl element in the discharge 
channel the pressure drop can be decreased. In this 
10 embodiment the pressure in the space enclosed by inner 
jacket 5 can be adjusted by a predetermined correct 
dimensioning of the swirling blades, the curvature of the 
swirling blades^ the number of swirling blades and so on. 



15 cube t comprises a tangential inlet in inlet cyclone 1, 
i.e. the mixture entering inlet cyclone 1 already has a 
swirling movement. The swirling blades 25 for setting the 
mixture into a swirling movement can hereby be dispensed 
with, 

20 All components of inlet cyclone 1 are formed 

and have small dimensions, for instance a maximum length 
or width of 1.5 m, such that they can be arranged in 
vessel S through manhole M (figure 1) . The possibility is 
hereby created of arranging inlet cyclone 1 in processing 

25 vessel S at any random stage. The operation of for 

instance separating vessels S already in use can thus be 
improved by later incorporating therein one or more inlet 
cyclones according to the invention. 



30 inlet cyclones in a gravity separator, many alcemacive 
applications can be realized which are all deemed to lie 
within the scope of the invention. It is for instance 
possible to incorporate a cyclone into an offshore 
pipeline, wherein the fluid flow supplied through the 

35 pipeline is separated into a number of different fluid 
phases. Ic is also necessary in these alternative 
applications to avoid at all times the occurrence of a 
so-called "gas blowby" , i.e. Che exit of gas from the 
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In another embodimenc (not shown) the supply 



In addition to the use of the invention on 
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liquid ouclec. If this takes place, the operation of the 
cyclone changes considerably: emulsion forroacion in the 
liquid phase or foam-forming in the liquid phase chen 
result in a complete breakdown of the whole separator. 
S According to the invencion all design 

paramecers can be integrally optimized (inlec and both 
ouclecsl, so chat no high pressure drops ne^d occur, 
which high pressure drops can cause emulsif ication of the 
liquid phase. Staced more generally, the pressure balance 
10 over the gas/liquid surface in a rotating gas/liquid 

mixture can be predicted according to the invention such 
that the location of the gas/liquid surface can be 
adjusted as a function of throughpuc of Che mixture, 
composicion of the mixture, degree of rotation of the 
15 mixture and Che pressure drop over both outlets. Thus can 
be achieved chat the liquid phase and gas phase flow out 
m of Che outlets intended for that purpose. The adjustment 

. of Che position of the surface calces place with rings of 

y blades (which are situated either in the inlec section 

20 whereby the degree of rotation is determined, or in the 
gas outlet whereby the pressure drop over the gas outlet 
section can be" adjusted, or in a random combination of 
these locations) . 

The degree of rotation of the mixture is 
25 determined by providing the -blades in the ring of blades 
in the inlet with a greater or smaller pitch. The 
stronger this rotation, the more the gas core in the 
mixture will tend to "creep" downward where it is 
precisely the liquid outlet which is situated. 
30 Conversely, by arranging counter-blades in the liquid 
outlet not only is this rotation limited, buc the 
pressure is also regained, which is exactly what can 
result in increased "gas-carryunder" . i.e. gas slipping 
through in the liquid outlet . This can in turn be 
35 prevented by doing the same in the gas outlet, where 
counter-blades can in principle realize a pressure 
recovery of the same order of magnitude and compensate 
the pressure build-up in the bottom of the cyclone with a 
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comparable pressure build-up in che top of the cyclone. 
Thus is then achieved that the gas -liquid surface is held 
■ in the cyclone. This is a complicated design procedure 
which can only be performed successfully with high- 
5 pressure flow models specifically validated in this 
field. 

The present invention is not limited to the 
above described preferred embodiments thereof; the rights 
sought are defined by the following claims, within the 
.10 scope of which many modifications can be envisaged. 



